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ABSTRACT 


Effort  is  continuing  on  the  MM&T  program!  to 
establish  the  fabrication  techniques  and  requirements 
necessary  to  meet  hardware  production  levels  as 
specified  in  the  subject  contract.  The  PERT/TIME  Net- 
work has  been  revised  and  expanded  to  define  specific 
problem  areas  and  establish  a corrective  action  plan 
to  meet  the  overall  program  objectives  within  the 
scheduled  time  frame.  Hermetic  cell  and  battery  com- 
ponent design  has  been  revised  in  an  effort  to  meet 
and/or  exceed  all  performance  specifications  at  mini- 
mum current  density  levels.  Non-hermetic  cell  samples 
are  presently  being  fabricated  and  tested  under  various 
thermal  discharge  profiles  to  simulate  the  proposed 
hermetic  designs.  Such  results  will  aid  in  the  final 
selection  of  the  optimal  design  configuration  for  the 
hermetic  prototypes. 

Initial  equipment  design  and  fabrication  of  core 
winding,  cathode/anode  manufacture,  hermetic  closure 
and  electrolyte  preparation  emd  dispensing  equipment 
is  presently  underway  to  permit  subsequent  integration 
within  an  operational  production  line.  Interface  with 
automated  equipment  manufacturers  continue  in  order  to 
fabricate  specific  machine  elements  and  procure  necessary 
hardware  within  the  time  freune  of  the  PERT/TIME  Network. 
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PURPOSE 


The  baaic  objectives  of  this  program  are  to: 

a)  establish  the  producibility  of  the  sp>eci- 
fied  hermetically  sealed  lithium  cells 

and  batteries  by  mass  production  techniques 
and  facilities: 

b)  establish  and  improve  quality  control  sur- 
veillance and  inspection: 

c)  initiate  process  improvements  to  minimize 
overall  fabrication  costs  and  time. 

The  program  consists  of  six  (6)  primary  components: 

. Battery  and  Cell  Design 

. Electrolyte  Preparation  and  Dispensing  System 
. Core  Winding  Machine  Design 
. Cathode  Manufacture 
. Anode  Manufacture 
. Welding  Equipment  Design 

Evaluation  of  the  above  independent  tasks  will  be 
conducted  in  parallel  to  permit  subsequent  integration 
within  an  operational  manufacturing  process. 


ii 


/ 


TABLE  OF  CONTENTS 


Section 

I.  INTRODUCTION  I 

II.  PROGRAT’  FVALUATIOU  & PEVIFW  TKCinJinur.  . . ? 

III.  CELL  AND  DATTEPV  DFSIGN 4 

IV.  ANODE  rABPICATION  10 

V.  cATnonr  fappication  13 

VI.  COPr  KINDFP 21 

VII.  FLECTROLYTE  preparation  and  dispensing  . . 24 

\^1I.  HFPMFTIC  SFAL  AND  CELL  CLOSURE 2P 

IX.  CONCLUSIONS .10 

X.  T’POCPAJ’  FOP  3RD  OUAPTEP 4 2 

XI.  IDENTIFICATION  OF  PEPSONNFL 4 3 

XII.  PUnLICATIONE  AND  REPORTS 4'’i 


LIST  OF  FIGORFS 


Figure 

Fiq.  1 Pert,  Revision  1 3 

Pig.  2 Safety  Vent  - Small  Diameter  Cells 7 

Fig.  3 Anode  Fabrication  Process  11 

Fig.  4 Cathode  Extrusion  Process  14 

Fig.  5 Cathode  Extrusion  Dies  15 

Fig.  6 Cathode  Fabrication  - Rotary  Drum  Filter  ...  17 

Fig.  7 Rotary  Vacuum  Filter 18 

Fig.  8 Continuous  Cathode  Fabrication  Process  ....  20 

Fig.  9 ^7uclear  Static  Eliminator 23 

Fig.  10  Electrolyte  Dispenser  Shuttle  Valve  25 

Fig.  11  Electrolyte  Dispensing  Schematic  27 

Fig.  12  Giass/Metal  Seal  Assembly 29 

Fig.  13  Laser  VJelder  Schematic 34 

Pig.  14  Laser  Welder,  Operational  Modes  35 

Fig.  15  Peripheral  Resistance  Weld  Fixtures  37 

LIST  OF  TABLES 

I 

Table  Page 

Table  1 Cell  Electrode  Characteristics  5 


I.  INTRODUCTION 


The  Manufacturing  Methods  and  Technology  (MM&T) 
Project  No.  2759371  to  Establish  Automatic  Electrode 
Production  for  Lithium  Hermetic  Cells  requires  the 
establishment  of  production  techniques  for  hermetic 
lithium  cell  conponents,  cells  and  batteries  to  meet 
production  levels  delineated  in  the  contract.  Speci- 
fically, the  following  hermetic  batteries  will  be  manu 
factured  utilizing  the  automatic  electrode  processes 
established  under  this  program: 


BA-5590 

( 

)/u 

BA-5574 

( 

)A( 

BA-5585 

( 

)/u 

BA- 5841 

( 

)/u 

BA-5090 

( 

)/u 

BA-5100 

( 

)/u 

BA-5842 

( 

)/u 

BA-5567 

( 

)/u 

BA-5568 

( 

)/u 

BA-5598 

( 

)/u 

The  production  engineering  goals  of  this  program 
are  to  perform  the  necessary  design,  development,  en- 
gineering, fabrication  of  special  tooling  and  construc- 
tion of  test  facilities  and  limited  production  equip- 
ment to  obtain  confirmatory  sample  approval;  and  to 
establish  a pilot  line  and  pilot  run  for  the  purpose 
of  demonstrating  a manufacturing  process. 


As  a result.  Power  Conversion,  Inc.  will  establish 
a Pilot  Line  and  demonstrate  the  capability  of  this 
line  with  at  least  20%  of  the  Pilot  Run  units.  The 
rates  to  be  met  are: 

5,000  "D"  Type  Cells  in  an  eight-hour  day. 

2,500  cells  other  than  "D"  Type*  cells  in  an 
eight-hour  day. 


♦Other  than  "D"  type  cells  are  those  cells  to  be  utilized 
in  the  fabrication  of  the  deliverable  batteries. 


1 


II.  PROGRAM  EVALUATION  & REVIEW  TECHNIQUE 


The  pert/time  Network  has  been  revised  and  up- 
dated to  reflect  the  present  program  status.  Specific 
problem  areas  were  defined  and  reviewed  with  respect 
to  meeting  the  overall  program  objectives.  Priorities 
have  been  restructured  in  order  to  meet  the  contract 
target  dates.  The  revised  PERT  Chart  is  shown  in 
Figure  1. 


The  major  areas  of  revision  are  suiranarized  as  fol- 
lows: 


Cell  Design  - Additional  time  has  been  allocated 
to  permit  re-evaluation  of  the  electrode  design  configu- 
ration in  an  effort  to  meet  capacity  and  start-up 
requirements  at  minimum  current  density  levels.  In  ad- 
dition, lead  time  for  the  procurement  of  cell  hardware 
and  tooling  has  been  determined  from  the  various  ven- 
dors. Such  time  must  be  included  in  order  to  accurately 
predict  the  scheduled  time  required  to  fabricate  initial 
hermetic  cell  prototypes. 

Battery  Design  - Various  alternatives  are  presently 
being  investigated  to  facilitate  procurement  of  the  re- 
quired battery  cases  within  a minimum  period  of  time. 
Present  time  required  to  fabricate  injection  molded 
cases,  for  exanple,  would  delay  conpletion  of  the  initial 
battery  prototypes.  These  alternatives  are  being  eval- 
uated and  the  PERT/TIME  Network  will  be  updated  accordingly 
to  reflect  the  most  timely  course  of  action. 

Weld  Equitanent  - Additional  time  has  been  allotted 
to  permit  a more  complete  evaluation  of  both  laser  and 
resistance  weld  techniques.  Such  evaluations  include 
design  selection  of  the  optimal  material  handling 
techniques , cost  of  consumables , equipment  and  maintenance 
and  anticipated  product  output.  Since  hermetic  welding 
is  a critical  area  of  this  program,  we  felt  that  in- 
sufficient time  was  previously  allocated  to  this  task. 

Periodic  review  of  the  PERT/TIME  Network  will  be  con- 
tinued during  the  next  quarterly  period  in  order  to  iden- 
tify and  define  specific  problem  areas  as  they  occur. 

Such  action  will  permit  timely  corrective  action  and  will 
avoid  serious  delays  during  conponent  integration  within 
an  operational  production  system. 
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III.  CELL  AND  BATTERY  DESIGN 


A.  CELL  DESIGN 


The  specific  electrode  configurations  have  heen  re-defined 
in  an  effort  to  meet  or  exceed  the  performance,  safety  and  en- 
vironmental requirements.  The  basic  design  considerations 
were  as  follows: 

. Discharge  Capacity  and  Pate 

. Minimal  Current  Density  Levels 

. Operational  Voltage  Limits 

. Start-up  Requirements 

. Dimensional  Configuration  and  V7eight 
Limitations 

. Environmental  Requirements 
. Cell  Safety 

. Fabrication  and  Material  Costs 


The  revised  cell  electrode  characteristics  are  summarized 
in  Table  1.  These  designs  were  based  upon  maintaining  the  proper 
stoichiometric  proportions  of  the  active  components,  electrode 
utilization  efficiency,  available  internal  cell  volume  and  mini- 
mum current  density  levels  especially  during  high  current  pulsed 
duty  cycles. 

Although  battery  BA-5590  and  BA-5842  utilize  the  same  cell 
size,  two  separate  design  configurations  are  proposed.  The  dis- 
charge capacity  and  load  requirements  of  the  BA-5842  permit  the 
use  of  a low  rate  electrode  construction.  This  design  incorporates 
components  which  are  far  more  economical  than  the  high  rate  counter- 
part required  in  the  BA-5590  battery. 

Effort  is  continuing  to  develop  a bottom  fill  configuration 
using  a flanged  eyelet  as  the  fill  port.  Such  a design  v»ould 
permit  greater  utilization  of  internal  cell  volume;  especiallv 
for  cells  used  in  the  construction  of  the  BA-5567  and  BA-5568. 
Hermetic  closure  of  the  bottom  fill  port  can  be  accomplished  within 
.080  inch;  significantly  closer  than  the  present  design  configura- 
tion of  .185  inch.  In  addition,  there  is  no  danger  of  mechanical 
or  thermal  damage  to  the  glass  seal  assembly  during  the  closure 
process.  This  design  permits  the  use  of  a flat  reinforced  top  struc 
ture  instead  of  the  present  concave  shell  design  to  further  maxi- 
mize internal  cell  volume. 
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An  evaluation  is  also  underway  to  determine  the  effects  of 
various  PCI  electrolyte  formulations  on  cell  discharge  perfor- 
mance and  operation  of  the  safety  vent  mechanism.  Cells  and 
control  samples  are  currently  being  fabricated  and  will  be 
subjected  to  various  thermal  discharge  profiles  during  the  next 
reporting  period.  Following  data  accumulation  and  analysis, 
a determination  will  be  made  regarding  the  final  electrolyte 
recipe  and  constituents. 

B . CELL  SAFETY 

Our  primary  concern  has  been  the  optimization  of  effective 
safety  mechanisms  to  insure  non-hazardous  operation  under  all 
conditions  of  storage,  use  and  operation.  Basic  considerations 
for  such  safety  mecha-'isms  include  the  following: 

. System  Reliability  and  Effectiveness 

. Minimal  Loss  of  Internal  Cell  Volume; 

Especially  for  Small  Diameter  Cells 

. Econimic  and  Reproducible  Fabrication 

Effort  during  this  quarterly  period  has  been  directed  towards 
optimizing  a reliable  safety  vent  mechanism  which  could  be  iit^jle- 
mented  on  all  cell  sizes  required  under  this  program.  Such  a 
universal  vent  design  siirplifies  tooling  requirements  and 
facilitates  the  design  of  automatic  material  handling  equipment 
during  subsequent  assembly  operations.  The  most  promising  de- 
sign as  illustrated  in  Figure  2 essentially  consists  of  a coined 
cross  section  located  in  the  ca”  wall  amd  parallel  to  the  center  line 
The  coined  structure  is  rolled  radially  inward  during  fabrication 
which  accomplishes  the  following; 

. Minimizes  the  bulging  of  the  can  outer  diameter 
to  conform  to  the  required  envelope  dimensions 
during  all  required  thermal  environments. 

. Provides  a pivot  configuration  which  minimizes 
tensile  loading  of  the  coined  surface  during 
normal  cell  storage  and  operating  environments. 

The  flexure  joint  is  designed  to  invert  at 
approximately  200-210®F  at  which  point,  the 
coined  section  is  subjected  to  direct  tensile 
loading  due  to  the  electrolyte  vapor  pressure 
within  the  cell.  Such  action  provides  greater 
control  and  reproducibility  of  the  venting 
characteristics  and  permits  a graduated  release 
of  electrolyte  upon  venting. 

. Provides  protection  and  isolation  of  vent  structure 
during  cell/battery  assembly  and  handling  to  pre- 
vent accidental  vent  rupture  or  damage. 
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The  cans  are  initially  annealed  in  a reducing  atmosphere  at 
1750  -1800*?  for  4.5  minutes  to  provide  uniform  material  hard- 
ness throughout  the  can.  Hardness  uniformity  is  particularly 
in^xirtant  to  control  the  coined  section  thickness  during  the 
subsequent  forming  operations.  Evaluations  are  presently  underway 
to  quantitatively  determine  the  effects  of  post  annealing  of 
the  coined  section  on  vent  performance  and  reproducibility. 

Preliminary  abuse  tests  will  be  performed  during  the  next 
quarterly  period  to  demonstrate  the  performemce,  reliability 
and  reproducibility  of  the  vent  during  exposure  to  short  circuit, 
high  current  discharge,  hot  plate  tests,  elevated  thermal  storage 
tests,  hydraulic  pressurization  tests,  etc. 

Vent  pressure  is  controlled  by  the  overall  geometry  of  the 
coined  section  and  the  relative  state  of  auineal.  The  optimal 
venting  pressure  is  considered  to  be  425  + 25  psi.  Such  a 
value  allows  for  an  adequate  safety  margin  above  the  maximum 
anticipated  cell  operational/storage  vapor  pressure. 

The  PCI  side  wall  vent  design  will  result  in  a minimal  loss  of 
internal  cell  volume;  an  inportant  consideration  in  the  design 
of  small  diameter/height  cells  since  cell  capacity  is  directly 
proportional  to  available  internal  volume.  Space  required  for 
vent  activation  will  be  determined  during  the  next  quarterly 
period. 

C.  HERMETIC  SEAL 


The  hermetic  glass/metal  seal  assembly,  as  sho%m  in  Figure 
12  consists  of  a tantalum  tube  amd  a cold  rolled  steel  eyelet 
which  are  thermally  fused  to  .a  glass  preform  to  effect  an 
hermetic  conpression  seal.  The  tamtalvun  tube  acts  as  the 
positive  interconnection  terminal  and  as  the  fill  port  for 
subsequent  dispensing  of  electrolyte  within  the  cell. 

Detailed  specifications  have  been  developed  to  define  the 
manufacturing  process  and  quality  control  acceptance  criteria 
of  this  component  and  include  the  following: 

. Visual  examination  under  magnification 
for  evidence  of  surface  cracks,  voids 
and  delamination. 

. Hermeticity  Test  9 2.0  x 10-6  atm.  cc/sec  helium 

. Thermal  Shock  9 -65c  to  ■fl25c  for  3 continuous 
cycles. 

. Dielectric  Withstanding  Voltage  9 1500  volts  AC 

. Insulation  Resistance  9 50  megohms 

. Pressure  Tests  9 500  psi  for  30  seconds  minimum 
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. Cleanliness  Requirements 

. Ductility  Test  to  assure  proper  pinch  off 
and  closure  of  the  tantalum  fill  tube. 

In  addition,  specifications  have  been  implemented  to  control 
the  surface  defect  level  of  the  tantalum  tube.  Such  corrective 
action  was  required  to  prevent  minute  capillary  leakaqe  alono 
longitudinal  surface  defects  on  the  outer  diameter  of  the 
tantalum  tube. 
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IV.  Anode  Fabrication 

Effort  has  continued  during  this  quarterly  period  to 
finalize  the  design  stages  for  integrating  the  anode  tab 
cold  welding  technique  and  lithium  rotary  slitter  design 
into  a prototype  production  machine. 

A.  Lithium  Transfer 

Several  problem  areas  have  been  reviewed  with  re- 
spect to  achieving  continuous  feed  and  transfer  of  the 
lithlxun  foil.  First,  lithium  has  an  Inherent  characteristic 
of  adhering  to  most  materials  and  an  extremely  high  level  of 
ductility.  Consequently,  automatic  feeding  of  llthiiim  foil 
must  be  accomplished  using  appropriate  guides  and  transfer 
rollers  fabricated  from  polypropylene  or  equivalent.  Such 
material  handling  equipment  must  be  capable  of  maintaining 
uniform  alignment  and  tension  in  order  to  assure  consistent 
cuts  which  will  meet  present  anode  length  specifications  and 
minimize  distortion  of  the  foil  during  transfer.  A schematic 
of  the  proposed  lithium  slitter/tab  welding  design  is  shown 
in  Figure  3. 

The  alignment/tension  rollers  will  be  mechanically 
driven  to  transfer  the  uncut  lithium  to  the  slitter  and  again 
during  transfer  to  the  tab  welding  station.  Since  the  required 
lengths  of  lithium  will  vary  from  approximately  4.5  to  27.0  inch 
depending  on  cell  type,  it  now  becomes  necessary  to  design  a 
transfer  guide  mechanism  which  can  be  readily  adjusted  to  ac- 
connodate  this  range  of  electrode  lengths. 

In  addition,  a photoelectric  optical  sensor  may  be 
required  to  insure  proper  registration  and  alignment  of  the 
lithium  foil  as  it  is  dispensed  and  transferred  to  the  slitter. 
Lateral  runout  of  the  lithium  foil  as  supplied  on  spools  is 
a significant  problem  in  the  design  of  an  effective  transfer/feed 
mechanism  in  order  to  minimize  anode  distortion  and  bending. 
Liaison  with  various  lithium  manufacturers  will  continue  to 
minimize  the  magnitude  of  these  variations. 

B.  Lithium  Tabbing 

Pre-pierced  nickel  plated  cold  rolled  steel  is  presently 


being  evaluated  as  an  alternative  to  the  perforated  copper  tab 
now  in  use.  Resistance  «relding  of  the  anode  tab  to  the  can 
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ANODE  FABRICATION  PROCESS 


structure  is  greatly  facilitated  by  using  CRS.  In  addition, 
stress  corrosion  at  the  weld  joint  interface  is  minisiized 
due  to  coimnonality  of  the  tab  and  can  material.  Preliminary 
results  now  indicate  that  CRS  will  cold  weld  satisfactorily  to 
the  lithium  foil.  Voltage  drop  measurements  across  the  welded 
joint  interface  have  been  taken  at  various  current  levels  to 
verify  weld  integrity  and  establish  a maximum  specification 
value. 

Prototype  cells  were  subsequently  constructed  using  the 
nickel  plated  CRS  tab  configuration  to  quantitatively  evaluate 
cell  discharge  characteristics  as  compared  to  standard  cell 
design.  After  an  initial  storage  period  of  16  hours  at  130®P, 
both  cell  types  were  discharged  at  low,  medium  and  high  rate 
current  drains.  The  results  indicate  similar  capacity  charac- 
teristics within  normal  distribution  limits.  Subsequent  dis- 
assembly and  examination  of  the  discharged  cells  showed  no 
evidence  of  electro-chemical  corrosion  at  the  CRS  tab/lithium 
or  CRS  tab/can  weld  interface.  In  addition,  surface  contact 
and  adhesion  of  the  llthiixm  anode  to  the  perforated  CRS  tab 
was  found  to  be  acceptable  in  all  cases. 

The  present  technique  of  folding  the  electrode  end  over 
the  pre-plerced  conductor  tab  prior  to  staking  la  not  considered 
a feasible  approach  for  developing  an  automatic  sequence. 
Therefore,  staking  of  a pre-pierced  tab  will  be  performed  at 
pre-determined  intervals  on  one  side  of  the  lithium  foil  to 
enable  continuous  electrical  tabbing  of  the  foil.  Continuous 
feeding  of  the  tab  material  will  be  evaluated  during  the  next 
reporting  period  to  determine  the  trade-offs  between  feeding 
of  pre-pierced  tabs  versus  feeding  of  continuous  foil  which 
would  be  pierced  at  the  staking  station. 

During  the  next  reporting  period,  PCI  will  begin  the 
initial  fabrication  and  procurement  of  components  needed  for 
the  prototype  production  machine.  It  is  anticipated  that  this 
machine  will  achieve  the  specified  production  rate  of  5,000 
"D"  size  anode  electrodes  per  eight-hour  shift. 
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CATHODE  FABRICATION 


Work  during  this  quarterly  period  has  been  directed  towards 
developing  a continuous  technique  for  fabricatina  cathodes  at 
rates  consistent  with  progrcun  goals.  Two  potential  manufacturing 
processes  for  fabricating  cathodes  were  investigated  concurrently 
with  the  objective  of: 

a)  Minimizing  developmental  problems; 

b)  Providing  maximum  process  control  and 
product  reproducibility; 

c)  Maintaining  product  quality; 

d)  Achieving  the  production  goals  required  under 
this  progrcim. 

One  continuous  process  for  cathode  fabrication  is  that  of 
extruding  the  raw  cathode  mix  into  an  endless  sheet,  followed 
by  lamination  of  this  sheet  onto  an  expanded  screen  conductor. 

A schematic  drawing  indicating  the  basic  components  for  this 
system  is  shown  in  Figure  4.  Preliminary  bench  scale  experi- 
ments have  indicated  that  this  approach  is  viable,  i.e.  the 
PTFE/water/carbon  misture  is  extrudable  and  this  extrusion 
can  be  pressed  into  an  expended  aluminum  grid.  Specifically, 
extrusion  trials  at  PCI  for  the  formation  of  cathode  sheets 
utilized  a three-inch  screw  type  Enterprise  Extruder.  Two 
different  extrusion  dies  as  shown  in  Figure  5 were  fabricated 
and  tried.  It  was  found  that  a simple  extrusion  plate  (b) 
works  as  well  as  a gradually  tapered  "fish-tail"  type  ex- 
trusion die.  Problems  were  encountered  in  two  areas  of 
extrusion: 


•1)  Due  to  the  large  amount  of  moisture  present 
in  the  raw  mix,  during  material  compaction 
water  is  expelled  and  a moisture  gradient 
develops  across  the  extruder  with  the  driest 
material  near  the  discharge  end.  This  caused 
a gradual  slow  down  and  stoppage  of  extrusion 
as  the  "wet"  material  at  the  feed  end  was  un- 
able to  displace  the  "dry"  material  at  the 
discharge.  By  reducing  the  amount  of  trapped 
moisture,  this  gradient  can  probably  be 
minimized. 
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CATHODE  PASTE  FEED 


FIGURE 


2)  Uniform  transfer  of  the  material  to  the 
extrusion  screw  was  the  other  area  of 
difficulty.  To  obtain  a uniform  ex- 
trusion in  a screw  type  device  it  is 
vital  that  feed  be  uniform.  The 
solution  to  constant  feed  is  still 
being  investigated  but  it  appears  that 
a "side  packer",  that  is,  an  auxiliary 
device  feeding  the  main  screw  at  a 
constant  rate  may  resolve  this  problem. 

The  second  process  studied  for  automating  cathode  formation 
was  one  of  continuous  filtration  utilizing  the  rotating  drum 
vacuum  technique  and  the  continuous  belt  technique. 

A.  Rotating  Drum  Vacuum  Process 

A drawing  illustrating  the  fundamental  operation  of  the 
rotating  drum  vacuum  is  shown  in  Figure  6.  Specifically,  this 
operation  is  one  of  depositing  a coating  of  the  carbon/binder 
mixture  onto  a substrate  (alumin’un  screen)  by  filtration.  Since 
the  aluminum  screen  is  available  in  continuous  lengths  and  the 
cathode  slurry  is  easily  punped  and  filtered,  a continuous 
rather  than  a batch- type  process  is  possible.  When  utilizing 
this  technique,  the  aluminum  screen  is  continuously  fed  to  the 
face  of  the  filter  drum  which  is  partially  submerged  in  the 
cathode  slurry,  as  is  illustrated  schematically  in  Figure  7. 

As  the  suspension  is  filtered,  the  "cake"  builds  up  on  the 
screen  and  forms  the  cathode.  The  cathode  weight  per  area  is 
controlled  by  filtration  rate  and  filter  surface  speed. 

Following  filtration  the  cathode  is  further  de-watered,  com- 
pressed to  lock  the  coating  into  the  openings  of  the  conductor 
screen  and  dried. 


ROTARY  VACUUM  DRUM  FILTER 


CATHODE  FABRICATION  - ROTARY  DRUM  FILTER 


MAXIMUM  SUCTION  DIRECTED  TO  THE 
DRAINAGE  PIPES  BELOW  LIQUID 
LEVEL  OF  SLURRY  TANK.  AS  DRUM 
ROTATES  CAKE  BUILDS  UP  TO  MAXI- 
MUM THICKNESS. 


(A) 


MAXIMUM 

FILTRATE 

REMOVAL 


DRUM  CONTINUES  TO  ROTATE  ABOVE 
TANK  SLURRY  LEVEL.  VACUUM 
CONTINUES  TO  DRAW  LIQUID  FROM 
THE  CAKE. 


(B) 


FINAL  LIQUIC 
REMOVAL  AT 
TOP  OF  RO- 
TATION 


VENTING  TAKES  PLACE  TO  PERMIT 
CAKE  RELEASE. 


(C) 


LIQUID  LEVEL 


ROTARY  VACUUM  FILTER 
FIGURE  7 

IB 
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The  selected  approach  for  the  first  prototype  machine 
essentially  consists  of  a horizontal  traveling  belt  that 
receives  the  raw  cathode  slurry  through  a feeder  which 
maintains  even  distribution  across  the  entire  width  of  the 
belt.  Solvent  is  continuously  drawn  through  the  belt  until 
the  slurry  attains  the  proper  consistency.  As  the  cake 
laden  belt  approaches  the  discharge  end,  it  is  further  com- 
pressed by  a series  of  sizing  rollers  prior  to  its 
removal.  Initial  drying  of  the  cathode  is  accomplished  by  a 
series  of  radiant  heaters.  A block  diagram  of  the  proposed 
system  is  shov’P  in  Piaure  8. 

Additional  sizing  rollers  have  been  fabricated  and  installed 
on  the  machine  to  permit  uniform  control  of  cathode  thickness. 
These  rollers  have  multi-axis  alignment  adjustments  to  insure 
proper  tracking  of  the  filter  belt  during  the  filtration  pro- 
cess. Rotational  speed  of  the  driven  rollers  is  keyed  to  the 
speed  of  the  belt  to  maintain  uniform  tension. 

Continuous  feeding  of  the  conductor  grid  will  be  guided 
along  a series  of  alignment  rollers  and  transferred  to  the 
horizontal  belt  filter  at  the  cathode  feeder. 

Part  of  the  cathode  fabrication  process  includes  selec- 
tive removal  of  carbonaceous  material  from  the  conductor 
grid  to  permit  subsequent  welding  of  the  aluminum  cathode  tab. 

The  equipment  must  have  the  capability  of  performing  this 
operation  along  both  the  belt  direction  axis  and  along  the  axis 
of  rotation  depending  on  the  required  cathode  length.  Various 
techniques  will  be  evaluated  during  the  next  reporting  period 
and  will  include  pressure  impinging  of  the  cathode  with  solvent 
and/or  dry  air  to  selectively  remove  cathode  material  from  the 
grid. 

w8rk  during  the  next  reporting  period  will  include  evalu- 
ation of  various  slurry  feed  equipment.  A uniform  homogeneous 
mixture  must  be  maintained  at  all  times  to  prevent  clogging  of 
the  discharge  and  to  insure  depositing  of  sufficient  slurry 
mix  onto  the  filter  belt. 
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CONTINUOUS  CATHODE  FABRICATION  PROCESS 


VI.  CORE  WINDER 


During  this  quarterly  period,  work  has  been  directed 
toward  conpleting  the  first  prototype  core  winding  machine 
which  is  scheduled  for  delivery  in  January  1977.  Initial 
machine  evaluation  and  debugging  has  been  accomplished 
using  lead  foil  to  simulate  the  anode  structure.  The  duc- 
tility of  lead  is  quite  similar  to  lithium  and  does  not 
require  a humidity  controlled  environment.  Final  machine 
evaluation  is  scheduled  for  February  1977. 

The  machine  can  presently  accomodate  electrode  widths 
up  to  1 7/8  inch  and  can  continuously  feed  and  transfer  non- 
woven  polypropylene  separator  through  the  guides  and  into 
the  pre-positioned  slot  in  the  winding  mandrel. 


» Maintaining  a uniform  and  consistent  tension  of  the 

separator  material  is  necessary  to  insure  proper  feed  rate 
and  alignment  within  the  roller  guides.  Actuation  using  a 
pneumatic  cylinder  resulted  in  an  irregular  feed  which  dis- 
rupted the  winding  cycle.  This  problem  has  been  corrected 
by  using  an  oil  cylinder/reservior  system  which  results  in 
smooth  actuation  and  uniform  feed  of  the  electrodes. 


Another  problem  which  is  presently  being  evaluated  is 
surface  abrasion  of  cathode  material  during  the  transfer 
process.  Residual  carbon  from  the  cathode  electrode  accximu- 
lates  on  the  roller  guides  and  periodically  obstructs  the 
free  transfer  of  material.  Various  self-lubricating  roller 
materials  are  presently  being  considered  to  minimize  this 
surface  abrasion. 


Some  of  the  required  cell  designs  will  utilize  micro- 
porous  polypropylene  film  as  the  separator  material? 
especially  for  the  high  rate  versions.  Use  of  this  material 
has  presented  some  material  handling  and  transfer  difficulties; 
primarily  due  to  the  presence  of  static  electricity  and  the 
inherent  material  consistency.  The  generation  of  static,  as 
we  are  concerned  with  it  in  the  handling  of  materials,  is 
basically  the  result  of  an  imbalance  of  negatively  charge 
electrons.  This  imbalance  is  due  primarily  to  the  fact  that 
the  electrons  of  conductive  materials  such  as  metal  machine 
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r^^rts  move  more  freely  thar  the  electrons  o^  insulators. 

Surface  contact  of  an  insulator  with  a metallic  material  vjll 
therefore  result  in  a transfer  of  electrons  to  the  insulators 
leaving  itself  in  a charged  condition.  The  most  effective  ao- 
hroach  towards  elimination  of  this  static  charae  involves  ioni- 
7ation  of  the  ambient  air  with  v;hich  the  insulator  material  comes 
in  contact.  Such  an  electrostatic  environment  will  effectively 
neutralize  the  static  charge  as  shov'n  in  Figure  9. 

Two  effective  approaches  to  the  problem  are  prcser.tlv 
’ einn  considered;  electrical  static  eliminators  and  nuclear 
static  eliminators.  Electrically  pov.'ered  static  elimination 
couipmert  consists  of  two  basic  components;  the  ion-oroducino 
source  and  its  hinh  voltage  power  supply.  The  neutralizinc;  por- 
tion consists  of  ore  or  more  electrified  needles  rigidly  held 
loss  than  an  inch  from  a grounded  metal  housing.  Ion  Perora- 
tion occurs  in  the  space  surrounding  the  highly  charged  needle 
roirts.  Nuclear  powered  static  elimination  eouipment  works  on 
the  basis  of  introducing  ionized  air  by  harmless  irradiation 
of  the  surrounding  air.  The  ionizing  zone,  unlike  those  of 
electrical  type  devices,  is  spread  out  over  a relatively  large 
area,  resigned  in  a self-contained  bar  reguirina  no  external 
electrical  connections , the  neutralizer  is  normally  mogrted 
in  proximity  to  a charged  surface. 

It  is  believed  that  neutralizing  the  static  charge 
of  the  separator  material  will  greatly  facilitate  material 
handling  and  transfer  and  will  minimize  the  attraction  of 
dust  particles  and  other  contamination  during  the  core  winding 
senucnce . 

V7ork  during  the  next  reporting  period  will  be  directed 
towards  final  debugging  of  the  first  prototype  core  winder. 

Design  specifications  w’ill  be  prepared  for  the  second  core 
winding  machine  which  will  be  designed  to  accommodate  sliort , 
narrow  electrodes  and  permit  the  use  of  microporous  polypropylene 
separator . 
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NUCLEAR  STATIC  ELIM1NATC« 


VII.  ELECTROLYTE  PREPARATION  AND  DISPENSING 


Evaluation  of  various  valve  and  metering  dispens- 
ing systems  has  been  continued  during  this  quarterly 
period  to  determine  the  optimal  technique  for  dispens- 
ing electrolyte  within  the  cell.  Two  dispensing 
techniques  are  being  considered. 


The  first  technicjue  consists  of  partial  evacuation 
of  the  cell  to  a pre-determined  residual  dry  gas  pres- 
sure that  corresponds  to  the  desired  proportion  of  dry 
gas  in  the  finished  cell.  This  residual  air  allows 
for  thermal  expamsion  of  the  electrolyte  which  is  sub- 
sequently transferred  into  the  cell  until  pressure 
equilibrium  is  reached. 


The  second  technique  is  essentially  a volumetric 
fill  system  using  a graduated  syringe  to  meter  a pre- 
determined amount  of  electrolyte  into  the  cell.  The 
cell  is  fully  evacuated  and  a specific  amoxint  of  elec- 
trolyte is  dispensed.  Five  to  ten  per  cent  void  space 
is  allotted  to  permit  thermal  e3q>2uisipn  of  the  elec- 
trolyte and  prevent  hydraulic  pressurization.  Cell 
weights  are  checked  before  and  after  fill  to  insure 
operation  within  an  acceptable  distribution  curve. 

One  disadvantage  of  this  system  is  that  volumetric 
set-up  adjustments  must  be  made  for  each  cell  size 
prior  to  a production  run.  However,  normal  electrolyte 
volxime  variations  can  be  controlled  to  a minimum  level. 


The  electrolyte  dispensing  valve  system  has  been 
reviewed  during  this  quarterly  period  in  an  effort  to 
finalize  the  optimal  design  configuration.  Such  a sys- 
tem will  consist  of  a series  of  4-way  shuttle  valves  as 
shown  in  Figure  10,  The  basic  valve  body  contains  stain- 
less steel  or  aluminum  spools  which  transverse  from  end 
to  end  within  seals  locked  in  the  valve  body.  Because 
of  the  gradual  transition  between  major  to  minor  spool 
dieuneters,  sealing  is  achieved  with  minimum  friction 
and  without  the  seals  being  squeezed  across  holes  that 
could  cause  them  to  extrude,  cut  and  prematurely  wear. 
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PORT  1 


FITTINO  («li  pilot*)) 


CroM-MCtion  of  typical  S-port 
4-way  Capaula  valve  In  the  unactuated 
condition 
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Same  valve  In  the  actu- 
ated condition 


ELECTROLYTE  DISPENSER  SHUTTLE  VALVE 


FIGURE  10 


One  proposed  valve  system  as  shown  in  Figure  11 
will  permit  multiple  evacuation  and  dispensing  of  elec- 
trolyte by  actuation  of  the  shuttle  valves.  Various 
valve  component  and  seal  materials  are  presently  being 
considered  to  assure  minimum  equipment  maintenance; 
especially  those  components  which  are  continuously 
exposed  to  electrolyte.  A four  station  dispensing 
system  is  currently  proposed  to  attain  the  required 
production  rate. 

PCI  is  also  considering  the  enployment  of  an  im- 
pedance measuring  unit  which  would  continuously  monitor 
cell  impedance  or  capacitance  prior  to  the  electrolyte 
dispensing  cycle.  This  unit  would  be  permanently 
mounted  to  the  dispensing  station.  Cell  inpedance  would 
be  required  to  conform  to  a pre-determined  acceptance 
level  to  permit  completion  of  the  dispensing  cycle. 

Failure  to  meet  such  conditions  would  automatically 
sequence  a reject  actuator  to  terminate  the  dispensing 
cycle.  Such  a system  would  allow  in-process  screening 
of  shorted  and/or  open  circuit  conditions  within  the  cell. 
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ELECTROLYTE  DISPENSING  SCHEMATIC 
FIGURE  11 
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VIII.  HERMETIC  SEAL  AND  CELL  CLOSURE 


During  the  second  quarterly  period,  significant 
effort  has  been  directed  toward  finalizing  a hermetic 
cell  top  design  and  demonstrating  the  closure 
technicjues  which  will  be  used  to  meet  the  required 
hardware  production  levels.  Basic  design  considera- 
tions were  hermeticity  requirements,  overall  reliability, 
economics  and  adaptability  to  automated  production. 
Evaluation  of  various  leak  detection  equipment  has  also 
been  conpleted  to  determine  the  optimal  process  which 
will  be  used  at  various  stages  of  cell  fadsrication. 

Such  in-process  leak  detection  is  considered  necessary 
to  insure  meeting  the  pre-established  hermeticity  re- 
quirements. The  specific  areas  presently  being  investi- 
gated are  as  follows: 

. Glass/Metal  Seal  Assembly 

. Eyelet/Top  Resistance  Weld 

. Cell  Peripheral  Weld 

. Fill  Tube  Closure 

. Leak  Detection  Equipnent 

. Hermetic  Cell  Storage 


1 . Glass  Seal  Assembly 


Two  sizes  of  the  glass/metal  seal  assembly  as  shown 
in  Figure  12  are  presently  being  used  in  the  fabrication 
of  the  required  cell  types;  the  .400  inch  size  to  be 
used  for  .625  inch  dieuneter  cells  and  smaller,  the  .500 
inch  size  for  .930  inch  diameter  cells  and  larger.  We 
are  presently  investigating  the  use  of  a common  eyelet 
design  which  can  be  utilized  for  all  required  cell  sizes. 
This  would  minimize  tooling  and  fixturing  costs  and 
simplify  cell  top  construction. 


The  seal  primarily  consists  of  a tantalum  fill 
tube,  a steel  eyelet  and  a glass  insulator  preform;  the 
assembly  of  which  is  thermally  fused  to  effect  an  her- 
metic c<jmpression  seal.  A detailed  engineering  sp>eci- 
fication  for  the  glass/metal  seal  assembly  has  been 
developed  to  quantitatively  define  the  following  physical. 
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electrical,  hermeticity  and  environmental  requirements: 

. Visual  Inspection 

- Dimensional  configuration 

- Evidence  of  cracks,  voids,  deleunination 

- Surface  cleanliness 

—8 

. Heniieticity  Test  @ 2.0  x 10  atm  cc/sec 
maximum  leak  rate 

. Thermal  Shock  @ -65  to  125^0  (3  cycles) 

. Dielectric  withstanding  voltage  @ 1500  volts  AC 

. Insulation  resistance  @ 500  volts  DC , 

50  megohms  minimum 

. Pressure  Test  @ 500  psi  for  30  seconds 
miniimam 


The  above  parameters  will  be  continuously  monitored 
and  tested  by  the  glass  seal  manufacturer  to  assure 
product  uniformity  and  reliability.  Certificates  of 
material  conpliance  will  also  be  submitted  in  addition 
to  the  above  test  results. 


Effort  is  continuing  to  formulate  a cleaning  pro- 
cess to  remove  surface  oxidation  from  the  tantal  un  tube 
which  is  formed  during  the  glass  fusion  process.  Such 
oxidation  prevents  successful  spot  welding  of  the 
aluminum  cathode  tab  to  the  tantalum  fill  tube.  It  was 
found  that  an  increased  electroless  nickel  plating 
thickness  is  required  to  prevent  eyelet  damage  during 
the  cleaning  process.  Various  solvents  are  presently 
being  evaluated  to  assure  ccxnplete  removal  of  any 
residual  acid  which  may  degrade  the  glass  seal. 


Tantalum  inter-connection  tab  material  has 
also  been  procured  and  will  be  evaluated  as  am  interim 
solution.  Voltage  drops  across  the  welded  joint  will  be 
measured  at  various  current  levels  to  determine  the 
feasibility  of  this  design  change. 
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2 . Eyelet/Top  Resistance  Weld 


Numerous  samples  of  each  size  glass  seal  assembly 
were  resistance  welded  to  various  size  top  shells 
using  a 60  KVA  resistance  welder  equipped  with  a low 
inertia  head  to  provide  quick  response  at  constant 
pressure  during  the  entire  weld  cycle.  The  units  were 
subsequently  inspected  and  tested  to  cjuantatively  mea- 
sure the  leakage  rate  using  a helium  mass  spectrometer. 
Maximum  leak  rate  observed  was  2 x 10-8  cc/sec  helium 
which  is  well  within  the  specified  limits  of  the  con- 
tract . 


The  units  were  also  subjected  to  a pressurized 
pneumatic  bubble  test.  Each  welded  assembly  was  ex- 
posed to  160  psi  of  dry  air  while  immersed  in  an 
alcohol  solution  for  up  to  24  hours.  No  evidence  of 
leakage  was  observed  on  any  of  the  tested  saunples. 


' Resistance  weld  parameters  are  currently  being 

finalized  to  insure  consistent  welds  which  meet  or  ex- 
ceed all  structural  and  hermeticity  requirements. 


3.  Cell  Peripheral  Weld 


a.  Plasma  Arc  Weld 

Hermetic  closure  of  the  cell  periphery  is 
presently  being  acconplished  using  a plasma  arc  welding 
process.  One  problem  associated  with  the  peripheral 
weld  has  been  weldment  porosity  at  the  joint  overlap. 
This  condition  is  primarily  due  to  rapid  cooling  of  the 
joint  interface  at  the  termination  of  the  weld  cycle. 
This  tends  to  produce  a structurally  weak  joint  which  is 
porous,  especially  during  exposure  to  high  pressure. 

This  discrepant  condition  has  now  been  corrected  by  in- 
corpxDration  of  a down  slope  function  as  part  of  the  weld 
cycle.  This  operation  gradually  reduces  the  weld  cur- 
rent levels  at  the  termination  of  the  weld  cycle  and  re- 
sults in  slow  cooling  of  the  joint  thereby  eliminating 
weldment  porosity  at  the  overlap. 


Another  problem  encountered  during  the  peripheral 
weld  was  the  flow  characteristics  of  the  molten  metal 


31 


at  the  joint  interface.  High  weld  currents  were  pre- 
viously required  to  overcome  the  surface  tension  of 
the  molten  metal  to  produce  a uniform  and  consistent 
peripheral  bead.  However,  such  weld  current  levels 
cause  excessive  heat  generation  which  can  degrade  the 
heat  sensitive  components  within  the  cell;  especially 
the  insulators,  electrode  separator  and  glass  seal  as- 
sembly. This  problem  has  now  been  corrected  by  using 
a shielding  gas  containing  95%  argon  and  5%  hydrogen. 
Such  a mixture  improves  the  flow  characteristics  and 
has  permitted  the  use  of  lower  weld  current  levels 
to  achieve  a hermetic  peripheral  weld  on  cell  sizes 
ranging  from  .625  inch  to  1.625  inch  diameter. 


Heat  sinks  and  holding  nests  have  also  been  fabri- 
cated for  various  size  cells  to  transfer  excess  thermal 
energy  away  from  the  cell  during  the  weld  cycle  to 
avoid  degradation  of  heat  sensitive  components. 


Implementation  of  the  above  corrective  action  has 
now  resulted  in  a significant  decrease  in  peripheral 
weld  rejection  rate. 


Leak  detection  of  the  peripheral  weld  is  cjualita- 
tively  performed  using  a pressurized  pneumatic  bubble 
test.  A maximum  pressure  differential  of  160  psi  of  dry 
air  is  applied  within  the  cell  while  immersed  in  an 
alcohol  solution  for  30  seconds.  Alternative  leak  de- 
tection techniques  are  presently  being  evaluated  in  an 
effort  to  quantitatively  measure  leak  rate  within  a 
minimum  cycle  time. 


b.  Laser  Welder 


Evaluation  of  various  continuous  wave  neobium  YAG 
laser  welders  has  resulted  in  the  following  conclusions: 


. The  YAG  laser  welder  has  insufficient  power 
to  effect  a peripheral  weld  within  the  re- 
quired time  allottment;  especially  for  large 
cell  diameters.  Efforts  to  increase  weld 
speed  resulted  in  inadequate  beam  penetra- 
tion and  poor  structural  weld  characteristics 
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. Excessive  heat  was  developed  during  the 
long  peripheral  weld  cycles  which  degraded 
heat  sensitive  compKDnents  within  the  cell. 


. Operational  cost  and  periodic  maintenance  re- 
quirements were  not  acceptable  within  a 
production  environment. 


Significant  effort  has  now  been  directed  toward 
achieving  a hermetic  peripheral  weld  using  a COp  laser 
welder.  The  COp  laser  as  shown  in  Figure  13  •onentlally 
converts  energy  from  an  electrical  discharge  into  mole- 
cular vibrational  energy  within  the  CO2  gas.  Photons 
are  generated  as  some  of  the  COp  vibrational  energy  is 
released.  Alignment  mirrors  direct  and  focus  these 
randomly  emitted  photons  to  sustain  the  photon  genera- 
tion, i.e.  the  lasing  action. 


The  COp  laser  welder  is  available  in  several  high 
power  configurations  which  have  been  evaluated  for  peri- 
pheral welding  of  the  various  size  cell  cans.  The  re- 


suits  are  as  follows: 

Weld  Power 
(Watts) 

Number 

Heads 

Weld 

Rate 

inch/sec 

Output/8  Hours 
("D"  Cell) 

250 

1 

in 

• 

0 

2400 

500 

1 

1.0 

3600 

500 

2 

0.5 

4800 

1000 

1 

4.0 

5760 

1000 

2 

4.0 

11,520 

♦Assumes  material 

handling 

( load/unload) 

time  of  4 sec. 

A two  station  (dual  head  or  split  beam)  laser  welder 
appears  to  be  the  most  advantageous  system  since  it  mini- 
mizes "dead"  time  during  in-process  loading  and  unloading 
of  cell  sub-assemblies.  Prototype  scurples  using  the 
above  equipment  are  presently  being  fabricated  and  eval- 
uated for  hermeticity  and  structural  integrity. 


The  COp  laser  welder  can  be  operated  under  two  modes: 
a pulsed  (Gaussian  mode)  and  a continuous  wave  (mixed 
mode)  as  shown  in  Figure  14.  Gaussian  pulsed  mode  consists 
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of  overlapping  spots  which  concentrate  high  energy 
pulses  over  a prescribed  duty  cycle  which  minimized 
heat  transfer  to  the  workpiece.  The  mixed  mode  is  a con- 
tinuous welding  cycle  at  a higher  average  energy  level 
which  permits  faster  weld  speeds  and  greater  throughput. 
Evaluations  are  currently  being  performed  to  determine 
the  thermal  characteristics  of  each  mode  and  their 
effects  on  heat  sensitive  conponents  within  the  cell. 


c.  Resistance  Weld 


Resistance  welding  of  the  cell  periphery  has  been 
accomplished  on  small  diameter  cells  by  utilizing  the 
blunt  can  edge  formed  during  the  clip-off  operation  and 
by  rolling  the  edge  inward  to  minimize  contact  surface 
area.  A pneumatic  weld  fixture  as  shown  in  Figure  15 
has  been  fabricated  to  permit  continued  evaluation  of 
the  peripheral  resistance  weld  on  .625  inch  diameter 
cells.  Radial  force  is  applied  to  the  external  walls 
of  the  can  to  minimize  wall  collapse  and  deformation. 
Phenolic  spacers  within  the  fixture  perait  welding  of 
various  height  cans.  Evaluation  of  this  technigue  will 
be  continued  during  the  next  quarterly  period  and  welder 
specifications  and  operating  parameters  will  be  es- 
tablished. 


4.  Fill  Tube  Closure 


Final  fill  tube  closure  problems  due  to  non-unifo^ 
hardness  of  the  tantalum  tube  material  have  been  alleviated 
by  inplementation  of  the  following  correction  action: 

. Specification  of  tantalum  hardness  require- 
ments 

. Iirposing  a maximum  surface  defect  level 
on  the  ID  and  OD  of  the  fill  tube 


PCI  is  also  investigating  the  feasibility  of  provid- 
ing a chamfer  on  the  O.D.  of  the  tantalwa  tube  to 
facilitate  cell  installation  and  removal  in  the  elec- 
trolyte dispensing  head.  This  design  change  will  also 
minimize  damage  to  the  0-ring  seals  within  the  dispensing 
head  and  reduce  the  frequency  of  periodic  seal  replacement. 
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COOLANT  TUBES 
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PERIPHERAL  RESISTANCE  WELD  FIXTURE 


^ • Leak  Detection  Fquipment 

Various  helium  mass  spectrometers  have  beer  eval- 
uated for  leak  detection  of  the  follovino: 

. dlass  to  metal  seal  assembly 

. Feal/Top  assembly 

. Tor/Can  peripheral  v’eld 

. rill  tube  closure 

Leak  rate  measurements  of  the  above  sub-assemblies 
will  be  continuously  monitored  throughout  the  fabrica- 
tion of  the  hermetic  cells  to  assure  conformance  to 
the  hermeticity  requirements  which  have  been  established 
at  2.0  X 10-8  atm  cc/sec  helium.  Fuch  leakaqe  measure- 
ments will  permit  in-process  screeninq  of  defective  cell 
components  and  sub-assemblies.  The  helium  mass  spec- 
trometer has  a sensitivity  of  1.0  x 10“10atm  cc/sec 
helium  and  is  therefore  well  suited  for  this  application. 

We  are  also  investiqatinq  the  feasibilitv  of  intro- 
ducinq  a trace  amount  of  helium  into  the  cell  during  the 
electrolyte  dispensing  operation.  This  will  permit 
quantitative  leak  detection  of  the  completed  cell  to 
verify  hermeticity  of  the  fill  tube  closure  and  will  permit 
leakage  measurements  after  cell  exposure  to  elevated  tempera- 
ture storaqe  environments . 


6 . Hermetic  Cell  Storage  Prograun 

Approximately  one  hundred  fifty  (150)  hermetically 
sealed  660-5AS  (1.625  inch  diameter,  5.500  Inch  heioht) 
are  presently  undergoing  a long  term  elevated  temperature 
storage  program.  The  cells  are  equipped  with  a bottom  vent 
configuration  and  contain  a tantalum  tube  glass  seal  assemblv. 
Both  test  cells  and  control  samples  are  being  stored  under 
various  thermal  environments  in  an  effort  to  guantitativelv 
measure  the  following; 

. Electrolyte  leakage  rates 

. Capacity  discharge  characteristics 

. Electro-chemical  corrosion  of  the  glass 
seal  assembly 
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Results  to  date  indicate  no  loss  of  cell  weight 
after  30  days  storage  at  leo^F.  Capacity  levels  of 
these  cells  which  were  observed  to  be  within  normal 


distribution 

limits  are 

as  follows: 

Storage  Time 
(days) 

Storage 

Tenoj. 

(Of) 

Discharge 

Temp. 

(OF) 

Load 

(ohms) 

Service  Life 
(2.0  volts 
(avg.  hours) 

0 

•• 

+70 

1.9 

17.5 

0 

- 

-20 

1.9 

9.7 

30 

RT 

+70 

1.9 

16.1 

30 

RT 

-20 

1.9 

9.1 

30 

160 

+70 

1.9 

15.8 

30 

160 

-20 

1.9 

10.2 

The  tests  will  be 

continued  for 

a period 

of  six  (6) 

months  to  obtain  sufficient  data  verification  to  permit 
detection  of  any  design  problems. 
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IX. 


Conclusions 


Durina  the  present  ouarter,  effort  has  continued  in  ac- 
cordance with  the  planned  enqineerinq  objectives  as  defined  in 
the  revised  PFPT/TTME  Network.  These  ohiectives  include  fi- 
nal izina  the  production  fabrication  technioues  and  eouipmcnt 
design  and  subseouent  implementation  of  such  equipment  in  the 
construction  of  the  required  hermetic  cells  and  batteries. 

Hermetic  cell  and  battery  design  has  been  re-evaluated  in 
an  effort  to  attain  required  cell  capacity  at  minimum  current 
density  levels.  An  evaluation  is  also  underway  to  determine 
the  effects  of  various  PCI  electrolyte  formulations  on  cell 
discharge  performance  and  operation  of  the  safety  vent  mechanism. 
Initial  design  and  fabrication  of  a coined,  safety  vent  for  small 
diameter  cells  is  presently  underway.  The  proposed  design  v.’ill 
occupy  a minimal  amount  of  internal  cell  volume  and  v.'ill  therefore 
not  reduce  anticipated  cell  capacity.  Preliminary  tests  indi- 
cate that  the  proposed  side  vent  structure  can  be  utilized  on 
all  cell  sizes  at  a pressure  of  425  psi* 

Finalization  of  the  anode  fabrication  eauipment  has  pro- 
ceeded to  the  desian  stages  for  integrating  the  anode  tab  cold 
weldinn  technique  and  lithium  rotary  slitter  desion  into  a 
prototype  production  machine.  Material  transfer  and  alianment 
is  presently  beino  considered  to  minimize  distortion  of  the  elec- 
trode durina  the  slitting  process.  A continuous  feed  of  lithium  and 
tab  material  appears  to  be  the  most  feasible  approach  to  automatina 
this  operation. 

Initial  fabrication  of  a continuous  horizontal  belt  cathode 
machine  is  undervray.  Preliminary  compression,  sizina  and  drvina 
of  the  slurry  mix  is  presently  under  evaluation  in  an  effort  to 
determine  the  final  design  parameters.  Sizino  of  the  cathode 
thickness  must  be  carefully  controlled  to  avoid  damaae  to  the 
pore  structure  and  alter  porosity  characteristics. 

Two  approaches  for  electrolyte  dispensina  are  presentlv 
being  considered;  a pressure  equilibrium  svstem  and  a volumetric 
fill  system.  Various  shuttle  valves  and  meterina  systems  are 
being  considered  in  an  effort  to  optimize  electrolyte  transfer 
and  dispensing  to  meet  the  cell  design  specifications  and  tolerances. 
Incorporation  of  an  impedance  monitoring  sensor  may  be  reouired 
to  prevent  electrolyte  dispensing  within  shorted  cells. 

Fabrication  of  the  semi-automatic  core  v’indcr  is  scheduled 
for  completion  in  January  1977.  Plans  are  already  underwav  to 
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ascertain  those  modifications  necessary  to  permit  core  windinn 
of  multi  v'idtb/lenqth  electrodes  usinq  both  non-woven  and  micro- 
porous  polvpropylene  separators.  Use  of  static  eliminators 
mav  be  reauired  to  nrcvent  contamination  of  the  separator  sur- 
face . 


Various  weldinq  techniques  and  eouipment  have  been  evaluated 
to  accomplish  hermetic  closure  of  the  cell  components.  A de- 
tailed enqineerinq  specification  has  been  developed  to  auanti- 
tatively  define  all  critical  phvsical,  electrical,  hermeticitv 
and  environmental  requirements.  Refinement  of  the  plasma  arc 
veldinq  process  has  been  particularly  successful;  hermetic 
closure  of  cell  cans  ranginq  from  .625  to  1.625  inch  diameter 
has  been  reproduciblv  demonstrated.  Both  CO2  laser  veldinq  and 
resistance  veldinq  equipment  have  been  evaluated  for  accomplishino 
the  peripheral  veld.  Final  system  selection  vrlll  be  made  duriro 
the  next  ouarterlv  period. 


X.  PROGRAM  FOR  3RD  QUARTER 


The  proposed  program  for  the  next  reporting  period 
will  include  the  following: 


. Continued  procurement  of  cell  and  battery 
prototype  hardware  and  tooling. 

. Fabrication  and  evaluation  of  prototype 
hermetic  cell  assemblies. 

. Initial  evaluation  of  an  operational  core 
winder  and  continuous  cathode  fabrication 
prototype  machine. 

. Peripheral  weld  system  selection  and  pro- 
curement of  required  components,  fixtures 
and  material  handling  equipment. 

. Re-evaluation  of  equipment  design  status 
and  initial  procurement  and  fabrication  of 
prototype  components. 
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